Aortopulmonary pressure difference and pulmonary blood flow velocity were studied during the first 48 hours of life in 12 premature neonates with severe respiratory distress syndrome (RDS), treated by natural surfactant, and in 25 premature neonates with mild RDS. A non-invasive Doppler ultrasound method was used to estimate aortopulmonary pressure difference and pulmonary blood flow velocity from the left pulmonary artery. Aortopulmonary pressure difference was significantly lower at 6 hours of age in the infants with severe RDS and was not increased one hour after surfactant therapy. Aortopulmonary gradient started to rise at 24 hours of age and was equal to that of neonates with mild RDS at 48 hours. Pulmonary blood flow velocity was significantly lower, initially in the severe RDS group, and was not increased one hour after surfactant therapy. Left pulmonary artery flow velocity began to rise after 24 hours and reached the values of the mild RDS group at 48 hours. These data indicate that aortopulmonary pressure difference and pulmonary blood flow are low in the acute phase of RDS and that surfactant treatment does not seem to affect these values. (Arch Dis Child 1995; 73: F95-F98) 
Abstract
Aortopulmonary pressure difference and pulmonary blood flow velocity were studied during the first 48 hours of life in 12 premature neonates with severe respiratory distress syndrome (RDS), treated by natural surfactant, and in 25 premature neonates with mild RDS. A non-invasive Doppler ultrasound method was used to estimate aortopulmonary pressure difference and pulmonary blood flow velocity from the left pulmonary artery. Aortopulmonary pressure difference was significantly lower at 6 hours of age in the infants with severe RDS and was not increased one hour after surfactant therapy. Aortopulmonary gradient started to rise at 24 hours of age and was equal to that of neonates with mild RDS at 48 hours. Pulmonary blood flow velocity was significantly lower, initially in the severe RDS group, and was not increased one hour after surfactant therapy. Left pulmonary artery flow velocity began to rise after 24 hours and reached the values of the mild RDS group at 48 hours. These data indicate that aortopulmonary pressure difference and pulmonary blood flow are low in the acute phase of RDS and that surfactant treatment does not seem to affect these values. Whether pulmonary arterial pressure is correlated with the severity of hyaline membrane disease remains a matter of controversy. 1-5 Intratracheal instillation of exogenous surfactant improves rapidly oxygenation in premature neonates with hyaline membrane disease. [6] [7] [8] Various studies have evaluated pulmonary haemodynamics after surfactant replacement in preterm animals9 10 and infants,' 3 4 11 with contradictory results, but they either only determined immediate effects4 1 or did not differentiate the severity of hyaline membrane disease. This study aimed to define the evolution of aortopulmonary gradient and pulmonary blood flow throughout the acute phase of the illness in preterm infants with severe respiratory distress syndrome (RDS) treated with surfactant. These data were compared with those obtained from ventilated premature neonates with no or only mild RDS.
Method
The study population consisted of 37 premature neonates admitted to the neonatal intensive care unit. All patients underwent intubation and ventilation with a pressure controlled ventilator (Babylog 8000; Drilger, Germany).
Twelve infants entering the study had severe RDS, the severity of which was assessed by fraction of inspired oxygen (FIo2) of >60% and an oxygenation index (OI) of > 18 (OI: mean airway pressure (MAP) above atmosphereXFio2 X 100, divided by postductal PaO2 (mm Hg)). All 12 patients received a dose (2-5 ml/kg) of natural surfactant (Curosurf, Serono) by intratracheal instillation, between 2 and 16 hours of age. Subsequent ventilatory management consisted of an initial reduction in FiO2 followed by sequential reduction of inspiratory pressure, frequency, inspiratory:expiratory time ratio and positive end expiratory pressure (PEEP). Twenty five preterm infants receiving mechanical ventilation for apnoea or mild RDS with an FiO2 of <30% served as controls.
Doppler ultrasound was used to estimate pulmonary blood flow from the flow velocities in the left pulmonary artery3 12 and the difference in aortopulmonary pressure. 2 13 The equipment used was a Diasonics CV 700 echocardiograph with a Vingmed Doppler instrument provided with two probes (5 and 7 5 mHz). Doppler ultrasound examinations were performed by one observer at six, 12, 24, and 48 hours after birth. In neonates with severe RDS measurements were also performed just before and one hour after surfactant instillation.
Blood flow velocity in the proximal left pulmonary artery was obtained by two-dimensional pulsed Doppler echocardiography at an angle of insonation below 20 degrees. Three consecutive waveforms of optimal quality were measured and averaged to obtain the left pulmonary artery velocity time integral (representing the area under the velocity curve) (fig 1) .
The ductus arteriosus was visualised from the high left parasternal position. Pulsed Doppler sample volume was placed in the pulmonary end of the duct and the flow pattern was recorded. The peak velocity of the left-toright shunt was measured ( fig 2) . This maximal left-to-right velocity across the duct was converted into an aortopulmonary pressure difference by using the modified Bernouilli equation:
(P: 4 v2, where P is the pressure drop in millimetres of mercury and V is the velocity of blood in metres per second). Two ductal flows were differentiated: either predominantly continuous left-to-right flow throughout the cardiac cycle, or with a mild degree of right-to-left ductal shunting (under 20%); or balanced bidirectional flow with important right-to-left shunting in systole.
At the same time as the Doppler measurements, systemic artery pressure (SAP) was measured using an indwelling umbilical arterial catheter or Dynamap. The pulmonary arterial pressure (PAP) was derived from systolic aortic pressure minus the aortopulmonary pressure difference.
Results are reported as means (SD). Differences between paired data were analysed using Student's paired t test and unpaired data using the unpaired t test. A P value of <0 05 was regarded as significant.
Results
The infants with severe RDS treated with surfactant and the control infants had similar gestational ages, birthweights, and Apgar scores at 5 minutes. FiO2, MAP, and 01 were significantly higher in the severe RDS group on admission to the neonatal intensive care (table  1) .
There were no significant differences in mean aortopulmonary pressure difference and left pulmonary artery blood flow velocity before or after surfactant therapy in the severe RDS group, but surfactant administration significantly decreased FiO2, MAP, and 01 (table 2) . There was no significant difference in systolic systemic pressure before or after surfactant treatment (table 2) .
Mean left pulmonary artery blood flow velocities in neonates with severe RDS were significantly lower than in the control group at 6 hours of age. These remained significantly lower at 12 hours of age. Thereafter they started to rise, and by 48 hours had the same values as those in the control group (fig 1) . The only infant with fatal RDS continued to have low left pulmonary artery blood flow velocities until he died at the age of 24 hours.
At 6 hours of age, aortopulmonary pressure difference values were significantly lower than in the control group. These values remained significantly lower at 12 and 24 hours. Thereafter, they reached those of the control group by 48 hours. Balanced bidirectional ductal flow was found in six infants with severe RDS at 6 hours of age, but was not seen in the control group (fig 2) . The infant with fatal RDS maintained a bidirectionnal shunt at 24 hours.
Systolic SAP did not differ between the neonates with severe RDS and those with mild Pulmonary arterial pressure decreased with age in both groups and did not differ significantly between the patients with severe and mild RDS.
The pulmonary:systemic arterial pressure ratio (PAP:SAP) was significantly higher in the neonates with severe RDS than in the controls at 6, 12, and 24 hours of age.
Discussion
We found that pulmonary blood flow was reduced with a low aortopulmonary difference during the first 48 hours in premature neonates with severe RDS despite treatment with natural porcine surfactant and a decrease in OI. These findings agree with those of a previous study of severe RDS using the same methods.3 Left pulmonary artery flow might be low because of low right ventricular output as well as high pulmonary arterial pressures with right-to-left extra-pulmonary shunting in preterm infants with severe RDS. Aortopulmonary pressure differences were low, suggesting that neonates with severe RDS maintain near normal systemic pulmonary arterial pressures for the first two days.
Half of our patients with severe RDS had balanced bidirectional shunts, which are seen when pulmonary arterial pressures are the same or slightly lower than aortic pressures. '4 On the other hand, our results showed that there was a delay in the normal postnatal rise in systemic blood pressure in the severe form of neonatal RDS, maintaining a low gradient across the arterial duct.
The most striking finding of this study is the significant difference between neonates with severe and those with mild RDS. In the acute phase of hyaline membrane disease premature neonates with severe RDS had lower values of aortopulmonary gradient and pulmonary blood flow velocities than those of ventilated neonates with mild RDS. We did not find any balanced bidirectional shunt in premature neonates with mild RDS. Bidirectional flow is common in healthy premature neonates.' 2 The explanation for this may be twofold. On the one hand, we did not include those patients in whom the left-to-right component largely dominated the cardiac cycle. On the other hand, we think that the positioning of the sampling site is critical. The maximum left-toright blood flow velocity changes as the Doppler cell moves from one end of the ductus arteriosus to the other. Our measurements were taken near the main pulmonary artery ostium where left-to-right velocity is maximal.'3 Initially, at 6 hours, pulmonary blood flow and aortopulmonary difference were significantly lower in the severe RDS group with much more frequent balanced bidirectional shunt. Systolic systemic arterial pressure did not differ significantly. Consequently, the PAP:SAP ratio was higher. Previous studies' 2 5 15 16 have shown that there is a delay in the normal postnatal fall in pulmonary arterial pressure in RDS. Our data agree with these findings, showing that aortopulmonary gradient and systemic pressure were significantly lower in the severe RDS group at 12 and 24 hours and that there was a slower decrease in the PAP:SAP ratio.
We found no difference in the calculated pulmonary arterial pressure between the two groups. Systemic blood pressure was significantly lower at 12 and 24 hours in the severe RDS group, suggesting that systemic hypotension and myocardial dysfunction are partly responsible for the low pulmonary blood flow and aortopulmonary gradient.2
In the first few hours patients with severe RDS may have low pulmonary perfusion that is probably associated with persistent pulmonary hypertension. Subsequently, systemic hypotension associated with low cardiac output and high ventilation might predominate and cause the delay in the normal neonatal circulatory transition.
In our study neonates with severe RDS all received natural surfactant. We were able to compare their data with those obtained from similar infants without surfactant administration, but our data have suggested that administration of natural surfactant did not reduce pulmonary resistance, with no increase in aortopulmonary gradient and no change in pulmonary blood flow.
Our results are at odds with those of Kaapa,1 who showed in a controlled trial that synthetic surfactant actually decreases pulmonary vascular resistance. Comparison with our results is difficult because moderate RDS requires a lower Fio2, lower mean airway pressure, and a different type of surfactant. Moreover, the Doppler techniques we used were different: pulmonary arterial pressure was estimated from tricuspid regurgitant flow and left-to-right shunt was measured by colour Doppler ultrasonography. Yet our results are consistent with those of previous studies showing that the immediate improvement of oxygenation after surfactant treatment was not associated either with a significant increase in pulmonary blood flow4 or with a decrease in pulmonary artery pressure3 in neonates with severe RDS.
It has been suggested that the need for high MAP contributes to the occurrence of pulmonary hypertension in neonates with severe RDS.3 In our study the decrease in mean airway pressure, before and after surfactant, did not improve pulmonary perfusion. Our results suggest that surfactant contributes to improve oxygenation by increasing pulmonary compliance, by reducing intrapulmonary shunting, and by improving the ventilation:perfusion Our observations have shown that all babies except one were clinically stable with PAP at systemic levels. Despite a low aortopulmonary gradient, pulmonary blood flow seemed adequate. Relative pulmonary hypertension does not automatically necessitate pharmacological intervention.
Low aortopulmonary difference and decreased left artery blood flow seem to be indicators of the severity of the RDS.17 They seem to be the result of a combination of relative pulmonary hypertension and myocardial dysfunction. They easily evaluate the course of circulatory transition in patients with severe RDS and may be of practical value in patient management. They are not modified by surfactant administration and we agree with other studies, that while relative high PAP is a feature of RDS, it is usually not necessary to treat it. We conclude that surfactant is not a vasodilator itself but acts only by improving pulmonary compliance, intrapulmonary shunting and the ventilation:perfusion ratio.
